Recently an epizootic, reported to be due to a morbillivirus infection, affected the lion population of the Tanzanian Serengeti National Park. A morbillivirus phosphoprotein (P) Until recently, felids were not considered natural hosts of morbilliviruses. However, in 1991 and 1992 infections with CDV-like morbilliviruses caused enzootics amongst large felids in zoos in the USA". To acquire insight into the possible origin of the viruses involved in these outbreaks in large felids, we have conducted a phylogenetic analysis of the viruses involved. To this end, we have sequenced and compared a P gene fragment of the respective morbilliviruses, which was previously shown to be informative for determining phylogenetic relationships of the presently known members of the genus M'orbillivirus5.
Recently, a considerable proportion of the lion population of the Tanzanian Serengeti National Park has succumbed to a drsease that closely resembles distemper in dogs and seals, which are caused by the morbilliviruses canine distemper virus (CDV) and phocine distemper virus (PDV), respectively"'. On the basis of the observed clinical symptoms, a morbillivirus aetiology was suspected and subsequently confirmed by demonstrating immunofluorescence with morbillivirusspecific antisera in organs of dead lions, and by showing the development of morbillivirus-specific serum antibodies in affected animals (cited after ref.
3). Details of the distemper outbrealk in lions in the Serengeti will be reported separately (Roelke et al., in preparation) .
Until recently, felids were not considered natural hosts of morbilliviruses. However, in 1991 and 1992 infections with CDV-like morbilliviruses caused enzootics amongst large felids in zoos in the USA". To acquire insight into the possible origin of the viruses involved in these outbreaks in large felids, we have conducted a phylogenetic analysis of the viruses involved. To this end, we have sequenced and compared a P gene fragment of the respective morbilliviruses, which was previously shown to be informative for determining phylogenetic relationships of the presently known members of the genus M'orbillivirus5.
Brain and lymphoid tissues obtained from five lions which had died in the Serengeti National Park during the outbreak (kindly provided by Dr Hans Lutz, Department of Internal Veterinary Medicine, University of Zurich, on behalf of the Messerli Foundation of Zurich, Switzerland) were processed for reverse transcription of total RNA with random hexamer IO February 1995) primers and subsequent PCR amplification of the relevant P gene fragment using the suitable primer set'. The amplificates were identified as P gene derived by Southern blot analysis using a CDV P gene fragment as a probe. In the tissues of four of the five lions, the relevant P gene fragment was detected (not shown). P gene fragments derived from brain material of two lions were cloned and sequenced using standard technique?. The sequences were identical and were subsequently compared to corresponding, recently determined P gene fragments of other morbilliviruses. These included CDV vaccine strains (Onderstepoort and Bussell), recent CDV isolates from a dog in Europe and from a seal in Siberia (PDV-2) as well as recent isolates from a grey fox (A92-9A) and a captive black leopard (A92-6) in the USA, PDV, measles virus (MV), rinderpestvirus (RPV) and two cetacean morbilliviruses (DMV and PMV, for review see refs 5, 7). Sequence alignments of the P gene fragment of a Vero cell-adapted CDV isolate from a captive black leopard (A92-6)4 and a PCR amplificate obtained from brain material of a Serengeti lion (94-28/PLE) are shown in Figure 1 .
From the phylogenetic tree constructed on the basis of these data, it may be concluded that the morbillivirus that caused the epizootic amongst the Serengeti lions belongs to the CDV cluster of morbilliviruses (Figure 2 ).
The data also indicate that the viruses which caused the recent outbreaks amongst large felids in the USA and Africa are not new or separate felid morbilliviruses, but rather viruses circulating in domestic and wild carnivores that from time to time also cross species barriers into feline hosts. Similarly, evidence for CDV and PDV infections in pinniped species and for DMV and PMV infections in cetacean species was recently reported'. 7, which had apparently not been infected with these viruses in the last decades. Whether the crossing of species barriers is a natural phenomenon for morbilliviruses that has largely been overlooked in the past, or whether predisposing factors have rendered the species involved more susceptible to infections with 'foreign' morbilliviruses, remains to be determined. Efforts are in progress to isolate the CDV strain causing Figure 2 Phylogenetic tree, generated by the neighbor joining method', of morbilliviruses based on analysis of a 388 bp P gene fragment (excluding sequences of primers used for PCR). The robustness of the tree was statistically analysed by the bootstrap method employing 2000 replications'. lo. Values of t!35 indicate statistic significance that the respective cluster is separated from the rest of the tree. Maximum parsimony analysis of the data gave similar results (not shown). Branch lengths are proportional to the genetic distances, which were calculated by the Kimura-2-parameter method". Sequences were aligned by using 'Pileup' of the GCG software package (release 8.0) setting gap weights to 3.0 and gap length weights to 0.1. Within the compared fragment no gaps were observed. MV, measles virus (#M89920); RPV, rinderpest virus (#X68311); DMV, PMV, dolphin and porpoise morbilliviruses; PDV, phocid distemper virus (European harbour seal morbillivirus, #D10371); ONST (#X51869), Bussel, canine distemper virus (CDV) vaccine strains; 5804/Han90, CDV field isolate obtained from a dog in Germany; PDV-2, phocid distemper virus type-2 (Baikal seal morbillivurus); A92-6-CDV, isolate of a captive black leopard from the USA; A92-9A-CDV isolate of a grey fox from the USA; Serengeti lions 94-28/PLE and 94-36/PLE-sequence of PCR amplificates of the P gene fragment generated from brain material; three, respectively two, clones were sequenced, all showed an identical sequence. Sequences were either extracted from the GenBank database (act. no. given in brackets) or from recent publications5, " 
